All National or Regional Centers funded by the National Science Foundation for photonics education and training in the United States have undergone a rigorous attempt to estimate the demand for workers in the regions they serve. We present the procedure for establishing a sample frame, data collection mechanisms, and estimations from analyses that were used in the United States, as well as the results from these analyses. We also provide a template that may be used to replicate the procedures..
INTRODUCTION
The purpose of the present study was to assess U.S. industry demand for two-year degreed optics and photonics technicians. The study represents a follow-up study to a report completed in 2009, that assessed the national demand for optics and photonics technicians, including graduates of both 2-year and 4-year programs (Hull, Ruggiere, and Illich, 2009). Although the present study was conducted by the same authors and used many of the same questions included in the 2009 demand study, the inclusion criteria were altered to restrict inclusion to respondents who currently employ 2-year degreed photonics technicians or plan to employ 2-year degreed photonics technicians. A copy of the survey instrument is included in the Appendix of this summary report. The survey targeted 4,217 firms listed in Laurin Publishing Company's Photonics Corporate Guide. The University of North Texas Survey Research Center, located in Denton, Texas, conducted the phone survey from January 2012 to March 2012. Among the 629 companies that were contacted, 346 met the screening criteria. Respondents were categorized into the following six firm size groups: 1-5, 6-10, 11-20, 21-50, greater than 50, and unknown. To adjust for differences in the percentage of companies within each firm size between the sample data and the population data, the responses were statistically weighted by firm size. Another difference between the 2009 study and the present study was the inclusion of a region variable to allow for regional level analyses. The present report provides a brief summary of the key findings. Figure 1 illustrates the seven regions identified by OP-TEC along with the total number of photonics employers within the region, as displayed in the white squares. The number and percent of sample respondents from each region compared to the number and percent of the national population of employers are shown in Table 1 . The regional proportions of sample respondents were similar in pattern to the regional proportions of the target national population of employers. This finding suggests that the sample results can be applied to the target population, which we estimate to contain 4,217 firms in the optics and photonics industry. The estimates for the current number of photonics technicians as well as the 1-year and 5-year demand for photonics technicians were based on this assumption. The 1-year demand and 5-year demand projections from the present study were not adjusted to reflect the more restrictive screening criteria of the 2012 survey. Because demand projections were based on a respondent's estimate of the number of photonics technicians they anticipate needing in the future, applying an adjustment could yield inflated projections. The present study projections are thus conservative projections of 1-year and 5-year demand for 2-year degreed photonics technicians.
Overall Results

Estimates/Projections of Current Number, 1-Year Demand, and 5-Year Demand
The 1-year demand for the present study was 1,592 technicians and the 5-year demand was 4,115. These projections reflect the demand for only 2-year degreed technicians compared to the 2009 survey projections which reflected demand for both 2-year and 4-year degreed technicians. These results suggest that there continues to be an expansive gap between the estimated 280-300 two-year degreed photonics graduates produced each year and the existing demand for photonics technicians. In the 2009 survey, 74% of the respondents indicated a general need for additional photonics technicians. This figure increased 6% in the 2012 study with 80% of the respondents indicating a need for additional photonics technicians. Although the national unemployment rate has remained above 8% since 2009, the demand for photonics technicians has remained strong. This result represents one of the primary outcomes of the present study. 
Compensation of Photonics Technicians
Satisfaction with Photonics Technicians
Among the 346 survey respondents, 136 responded to the question related to satisfaction with entry-level preparedness of two-year degreed photonics technicians. Sixty-one percent (61%) of respondents indicated that they were satisfied or very satisfied with the preparedness of 2-year photonics technician graduates. Thirty-three percent (33%) of respondents indicated that they were neutral on the question and 6% indicated they were either dissatisfied (5%) or very dissatisfied (1%). These findings suggest that while most employers are satisfied with the preparedness of 2-year degreed photonics technicians, there is substantial opportunity for improvement with nearly 40% of respondents expressing neutrality or dissatisfaction.
Interest in Online Photonics Training
Among the 346 survey respondents, 155 of the company representatives responded to the question assessing interest in online training for their photonics technicians. Forty-six percent (46%) of the respondents indicated that they would be interested in online education/training for their photonics technicians to enhance the understanding of photonics concepts. Assuming that all of the 53.9% of the respondents who chose not to answer the training question would have no interest in online training, the 46% who did indicate an interest translates to 1,045 companies nationally that would have an interest in online training for their photonics technicians. 
Gender and Ethnicity
. Percent of Photonics Technicians by Gender and Ethnicity
The percentage of female photonics technicians increased by 5 percentage points and the percentage of minority photonics technicians increased by 10 percentage points. However, these changes may be at least partly due to the differences in survey methodology with the 2012 survey focusing on companies who currently employ or plan to employ 2-year degreed photonics technicians. Estimates from the current demand survey suggest that 19% of U.S. photonics technicians are female and 81% are male. In terms of ethnicity, it estimated that 61% of photonics technicians are Anglo, 14% Hispanic, 4% African American, and 18% Asian. The percentage of Asian technicians is twice the percentage reported in 2009. Although these findings appear to suggest that substantial progress has been made in increasing gender and ethnic diversity among photonics technicians, the results should be interpreted with caution based on methodological differences between the two studies. 
Educational Qualification Preferences for Photonics Technicians
Figure 4 depicts percent of respondent preferences for the educational background necessary for a photonics technician to be successful.
Figure 4. Percent of Respondents by Educational Background
In the current survey, 53% of respondents indicated that a 2-year degree or certificate was necessary for a photonics technician to be successful. This result was 6 percentage points higher than the 2009 result. For the current survey, only 22% of respondents indicated that a 4-year degree or certificate was necessary for a photonics technician to be successful. Although the results should be interpreted with caution based on methodological differences between the two studies, the findings confirm that the 2-year certificate or degree continues to be the preferred educational background among employers of photonics technicians.
Regional Results
Estimates/Projections of Current Number, 1-Year Demand, and 5-Year Demand by Region
Estimates of the current number of photonics technicians, 1-year demand projections, and 5-year demand projections for photonics technicians are shown in the Table 3. The regional estimates and projections utilized the overall national estimates and projections in Table 2 as the aggregate targets. The relative regional proportions of employed technicians and perceived 1-year and 5-year demand projections were used to establish regional estimates and projections. 
Figure 5. Need for Additional Photonics Technicians by Region
The percentage of respondents indicating a need for additional technicians ranged from 69% in the Northwest region to 87% in the Northeast region. Table 4 includes the average annual salary, sample size, and standard deviation for each of the seven regions. The average annual salary for entry-level photonics technicians ranged from a low of $36,865 in the New England region to a high of $51,112 in the Northwest region. The standard deviations were relatively large indicating substantial differences across employers. Table 5 includes the percentage and number of respondents indicating that they were very satisfied or satisfied with the preparedness of entry-level 2-year degree photonics technicians. The percentage of respondents satisfied with the preparedness of entry-level photonics technicians ranged from 40% in the Southwest region to 67% in the New England region. Table 6 includes the percentage and number of respondents indicating an interest in online training for their photonics technicians. The percentage of respondents interested in online training for their photonics technicians ranged from 23% in the Northwest region to 68% in the Northeast region.
Compensation of Photonics Technicians by Region
Satisfaction with Photonics Technicians by Region
Interest in Online Photonics Training by Training
Key Findings
The present study was designed to assess both national and regional demand for 2-year degreed photonics technicians. The study produced the following key findings:
1. The estimated number of 2-year degreed photonics technicians employed in the U.S. is 19,128.
2. An estimated 1,592 additional 2-year degreed photonics technicians are needed next year and 4,115 will be needed over the next five years.
3. After taking into account differences in survey methodology, the demand for photonics technicians appears to have increased since 2009.
4. There remains a tremendous gap between the demand for 2-year degreed photonics technicians and the U.S. capacity to produce 2-year graduates in optics and photonics.
5. The average annual salary for entry-level 2-year degreed photonics technicians is $41,137, which represents over a 5% increase from the 2009 estimate.
6. While the majority(61%) of employers expressed satisfaction with the preparedness of entry-level 2-year degreed photonics technicians, there appears to be considerable opportunity for improvement in preparing graduates of photonics technicians programs.
7.
Over 1,000 U.S. employers are estimated to have an interest in seeking online training for their photonics technicians.
8. It is estimated that among photonics technicians 19% are female, 14% Hispanic, 4% African American, and 18% Asian. Although the current estimates represent substantial increases in diversity compared to the 2009 demand study, the present study focused on companies that currently employed or planned to employ photonics technicians while the 2009 study included companies that only employed 4-year degreed technicians.
9. It is estimated that 53% of employers believe that a 2-year degree or certificate is necessary for a photonics technician to be successful. The percent of respondents preferring a technician with a 2-year degree increased by 6 percentage points while the percent of respondents preferring a bachelor degree decreased by 8%. Although the results should be interpreted with caution based on methodological differences between the two studies, the findings confirm that the 2-year certificate or degree continues to be the preferred educational background among employers of photonics technicians.
10.
The largest number of employed technicians are located in the West and New England regions with nearly 70%+ employers within each of the seven U.S. regions expressing a need for additional photonics technicians. Both the West and New England regions have greater 1-year demand for photonics technicians than the total number of 2-year degreed graduates in photonics produced annually.
The present findings are consistent with previous estimates and demand projections reported in a 2009 national photonics employer demand survey. The current study clearly demonstrates a need to increase the U.S. capacity to produce qualified photonics technicians to reduce the gap between the production of photonics graduates and strong employer demand. The results also show that there is substantial room for improvement in the preparedness of entry-level 2-year degreed photonics technicians. The present findings can be used to implement targeted national and regional strategies to meet industry demand of effectively prepared photonics technicians TO RESPONDENT: Hello, my name is_________________with the University of North Texas Survey Research Center. We are conducting a survey of employers to get an understanding of the optics, laser and photonics-related jobs in your organization and the key knowledge and skills related to those jobs. We are conducting the survey for OP-TEC, which is a non-profit National Center that is funded by the National Science Foundation to support the education (or preparation) of community college students for positions in optics, lasers and photonics technology.
We're conducting this survey on OP-TEC's behalf so that they will have better information from companies about their expectations for people they hire.
If you have any questions regarding this study you may speak to a project manager at 800-687-7055. Your responses will remain confidential; we will only publish aggregated information. Interviewer: For all the remaining questions in the survey make certain the respondent understands that, where specified, these questions pertain only to photonics or photonics -related technicians and do not pertain to engineers and scientists with 4-year degrees or higher. (INTERVIEWER: TRY TO GET THE ANNUAL AMOUNT, USE OTHERS AS LAST  RESORT) 
